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ABSTRACT 

The present invention provides a method of synthesizing 
abrasive particles and methods of using the same in chemi 
cal mechanical polishing slurry applications. The nanosiZed 
abrasive particles according to the invention are produced by 
hydrothermal synthesis using an insoluble source of cerium. 
The crystallites of the particles include cerium ions and 
titanium ions. 
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Figure 1 
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Figure 2a 
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Figure 3a 
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HYDROTHERMAL SYNTHESIS OF 
CERIUM-TITANIUM OXIDE FOR USE IN CMP 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of co 
pending app. Ser. No. 10/851,684, ?led May 21, 2004, 
Which is a continuation-in-part of app. Ser. No. 10/255,136, 
?led Sep. 25, 2002, now US. Pat. No. 6,818,030, Which is 
a continuation in part of app. Ser. No. 09/992,485, ?led Nov. 
16, 2001, now US. Pat. No. 6,596,042. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention provides a process for pro 
ducing abrasive particles, the abrasive particles produced 
according to the process, and a process for removing a ?lm 
layer using a CMP slurry containing particles made by the 
process. 

[0004] 2. Description of Related Art 

1. Field of Invention 

[0005] Chemical-mechanical polishing (CMP) slurries are 
used, for example, to planariZe surfaces during the fabrica 
tion of semiconductor chips and related electronic compo 
nents. CMP slurries typically include reactive chemical 
agents and abrasive particles dispersed in a liquid carrier. 
The abrasive particles perform a grinding function When 
pressed against the surface being polished using a polishing 
pad, and separately, the reactive chemical agents serve to 
oxidiZe the surface. 

[0006] It is Well knoWn that the siZe, composition, and 
morphology of the abrasive particles used in a CMP slurry 
can have a profound effect on the polishing rate and surface 
?nishing. Over the years, CMP slurries have been formu 
lated using abrasive particles formed using, for example, 
alumina (A1203), cerium oxide, or ceria (CeOZ), iron oxide 
(Fe2O3), silica (SiOZ), silicon carbide (SiC), silicon nitride 
(Si3N4), tin oxide (SnOZ), titania (TiOZ), titanium carbide 
(TiC), tungsten oxide (W03), yttria (Y 2O3), Zirconia (ZrOZ), 
and combinations thereof. 

[0007] Known abrasive particles for use in CMP slurries 
include colloidal silica, Which is produced by condensation 
in aqueous solution. Another is fumed silica, Which may be 
produced by a continuous ?ame hydrolysis technique 
involving the conversion of silicon tetrachloride (SiCl4) to 
the gas phase using an oxy-hydrogen ?ame. Fumed silica is 
by far the most Widely used abrasive particle. 

[0008] Calcination is another method of producing abra 
sive particles for use in CMP slurries. During the calcination 
process, precursors such as carbonates, oxalates, nitrates, 
and sulfates, are converted into their corresponding oxides at 
very high temperature. After the calcination process is 
complete, the resulting oxides must be milled to obtain 
proper particle siZes and distributions to provide desired 
removal rates and to prevent scratching. 

[0009] The calcination process, although Widely used, 
does present certain disadvantages. For example, it tends to 
be energy intensive and can produce toxic and/or corrosive 
gaseous byproducts. In addition, contaminants are easily 
introduced during the calcination and subsequent milling 
processes. Finally, it is dif?cult to obtain a narroW particle 
siZe distribution. 
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[0010] The basic mechanism of the CMP process is the 
simultaneous formation of a removable surface layer, such 
as via oxidation of a metal surface or via hydrolysis of an 
oxide or nitride layer, coupled With the mechanical removal 
of the removable surface layer using abrasive particles 
pressed betWeen a Work piece and a polishing pad that are 
in motion relative to one another. In CMP slurries for 
removing copper ?lms, the mechanical (abrasive) effect and 
oxidiZing function are separately provided by the different 
components. That is, abrasive particles mainly contribute the 
mechanical effect, while chemical oxidiZing agents give rise 
to a chemical (redox) reaction. 

[0011] Numerous chemical additives exist to improve ?lm 
removal rates, to adjust the selectivity of removal rates 
betWeen various materials, and to alloW better surface ?n 
ishing and feWer defects. Hydrogen peroxide, ferric nitrate, 
potassium iodate and periodate are Widely used as oxidiZing 
chemicals in copper CMP slurries, to improve removal rates 
relative to slurries having only abrasive particles. Most CMP 
slurries are formed by combining tWo separate components, 
namely: (1) abrasive particles dispersed in a liquid medium; 
and (2) chemical additives (e.g., a chemical oxidiZer). The 
separate components are mixed together immediately prior 
to use and, once blended, have a shelf life of typically only 
about 5 days or less. The chemical oxidiZer in conventional 
CMP slurries tends to lose its oxidative ef?cacy if it remains 
unused for long periods. 

[0012] While the use of chemical oxidiZers improves the 
metal removal rate to industrially practicable levels, the 
chemical oxidiZers in the slurry continue to oxidiZe metal 
until they are expended or removed. Hence, chemical oxi 
diZers are one of main contributors to the problem of dishing 
or pitting of metal surfaces, Which results from continued 
oxidative attack on an already planar metal surface, even in 
the absence of abrasive particles. 

BRIEF SUMMARY OF THE INVENTION 

[0013] Broadly, a process according to the invention 
involves producing abrasive oxide crystallites (primary par 
ticles) that include cations of cerium and titanium, Which 
have been formed by hydrothermal synthesis. The abrasive 
particles can be used to formulate CMP slurries that provide 
industrially acceptable removal rates of a variety of surface 
?lms (substrates), Without the need for added chemical 
oxidiZers, thereby eliminating concerns about dishing and 
cupping. Slurries formulated using abrasive particles 
according to the invention exhibit a shelf life far greater than 
traditional CMP slurries. Another advantage provided by the 
abrasive particles according to the invention is that use of 
chemical oxidiZers can be avoided, Which reduces the envi 
ronmental impact of producing electronic components. 

[0014] A ?rst embodiment of the invention provides a 
process of making a composite oxide of cerium and titanium 
comprising hydrothermally treating, at about 70 to about 
5000 C., a suspension of a deagglomerated, insoluble Ce+4 
or Ce+3 source in the presence of a Ti+4 source to form a 
slurry. The slurry is a composite oxide of cerium and 
titanium. 

[0015] A second embodiment of the invention is a process 
of making a composite oxide comprising Ce and Ti for use 
in CMP, comprising contacting a cerium-titanium composite 
hydroxide With aqueous nitric acid to form a suspended 
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precursor, and subjecting the suspended precursor to hydro 
thermal treatment in a closed vessel at a temperature of 70° 
C. to about 5000 C. for about 0.1 to about 10 hours to form 
a slurry of composite oxide particles. 

[0016] The foregoing and other features of the invention 
are hereinafter more fully described and particularly pointed 
out in the claims, the folloWing description setting forth in 
detail certain illustrative embodiments of the invention, 
these being indicative, hoWever, of but a feW of the various 
Ways in Which the principles of the present invention may be 
employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a transmission electron photomicrograph 
of composite oxide particles of the invention. 

[0018] FIGS. 2a and 2b are transmission electron photo 
micrographs of composite oxide particles of the invention. 

[0019] FIGS. 3a and 3b are transmission electron photo 
micrographs of composite oxide particles of the invention. 

[0020] FIGS. 4a and 4b are transmission electron photo 
micrographs of composite oxide particles of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The invention provides a method of synthesiZing a 
cerium-titanium composite oxide for use in abrasive par 
ticles having a desired reactivity, Where the particles can be 
used in formulating CMP slurries exhibiting a variety of 
substrate removal rates. The composite oxides may be used 
to make abrasive particles to polish metal substrates or metal 
oxide substrates. Both operations are routinely required in 
the manufacture of electronic components. The substrate 
removal rate of CMP slurries is believed to depend on 
numerous factors. A non-exhaustive list of such factors 
includes the composition of the abrasive particles; the rela 
tive level of titanium ions in those particles; primary particle 
siZe; secondary particle siZe; the concentration of abrasive 
particles in the slurry; the pH of the slurry; and the presence 
and concentration of chemical oxidiZers in the slurry. The 
focus of the present invention is the control of primary and 
secondary particle siZe of the abrasive particles, and the 
control of the level of titanium ions in such primary par 
ticles. Chemically reactive abrasive particles according to 
the invention can be used in the CMP process to produce 
both chemical and mechanical effects. 

[0022] It has been discovered that nanoscale composite 
ceria particles can be synthesiZed hydrotherrnally such that 
cerium oxide acts as a host matrix (crystal lattice structure) 
for titanium ions that take the place of cerium ions in that 
matrix. The inventive process produces crystallites having a 
mean diameter (D50) in the range of about 1 nm to about 100 
nm, preferably about 2 to about 50 nm, and more preferably 
about 5 to about 40 nm. Secondary particles, Which are 
agglomerations of primary particles, exhibit siZes Within the 
range of about 10 to about 1000 nm, but are preferably about 
15 nm to about 500 nm, and more preferably about 20 to 
about 300 nm. Throughout the speci?cation and the 
appended claims, the term “particle” When used Without 
further explanation refers to secondary particles. 

[0023] The titanium ions, (Ti+4) are substituted for cerium 
ions in a cerium oxide (CeO2) crystal lattice structure, thus 
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preserving the ratio of metal cations to oxygen ions in such 
crystal. Thus, for cerium oxide, the mole ratio of metal ions 
(or cations) to oxygen ions in the crystal lattice structure Will 
be about 1:2, although mole ratios of metal ions to oxygen 
ions of about 1:1 to 1:2 are possible. The ratio of metal ions 
(cerium ions+titanium ions) to oxygen ions in the crystal is 
suf?cient to preserve overall statistical electroneutrality. The 
resultant composite metal oxide formula is thus CeXTiyOZ, 
Where x+y is about 1 and Z is Within the range of about 1 to 
about 2. Because the titanium ions (1) may have a different 
oxidation state than cerium and/or (2) have a different 
electronegativity than cerium, the difference in electrical 
potential is generally suf?cient to drive a redox reaction on 
the surface of a ?lm to be polished When the abrasive 
particles according to the invention are in contact thereWith. 
Films or substrates that can be polished (removed) using 
abrasive particles according to the invention include exem 
plary metals such like copper and silicon, metal oxides, 
metal nitrides, silicides, and polymers. 
[0024] Details on the inventive abrasive particles, as Well 
as the process conditions to make such particles, and ingre 
dients in such process folloW. 

[0025] Cerium and Titanium Sources. 
[0026] Suitable sources of cerium may contain either the 
ceric (Ce+4) or cerous (Ce+3) ion. Sources of the Ce+4 ion 
include Ce(OH)4 or a composite cerium-titanium hydroxide, 
represented by (CenTil_n)(OH)4, Where 0<n<1. In a com 
posite hydroxide, the molar ratio of cerium ion (Ce+4 or 
Ce+3) to Ti+4 may be about 20:1 to about 2:1, preferably 
about 19:1 to about 3:1. The Ce+4 source may also be one or 
more of the ?uoride, phosphate, carbonate or oxalate of 
cerium or other Ce+4 sources that are insoluble in aqueous 
solution. The source of cerium can also be compounds 
containing the cerous ion (Ce+3), Wherein the cerous com 
pounds are converted to Ce+4 compounds during the process 
Where suf?cient oxygen is present to oxidiZe Ce+3 to Ce+4 or 
When an oxidiZer such as a peroxide (e.g., H2O2) is inten 
tionally added. If the cerium source is a cerous compound, 
it also must be insoluble in aqueous solution. 

[0027] The composite cerium-titanium hydroxide may 
also be used as the titanium source. Other suitable sources 
of titanium include organotitanium compounds, such as 
titanium alkoxides like titanium-acetylacetone, titanium iso 
propoxide or titanium (IV) triethanolaminato isopropoxide. 
Soluble titanium salts may also be used, such as the halides, 
perhalides, oxyhalides, nitrates, sulfates, phosphates, car 
bonates, and acetates of titanium. 

[0028] Suspension. 
[0029] Because Ce(OH)4 and (Ce,Ti)(OH)4 precursors are 
not Water soluble, they are suspended in Water, forming a 
slurry. In one embodiment, the precursor may be deagglom 
erated prior to hydrothermal treatment to a secondary par 
ticle D0 of less than about 20 microns using a bead mill. D0 
is the maximum particle siZe in a sample. In another 
embodiment, the precursor may be deagglomerated prior to 
hydrothermal treatment to a D0 of less than about 100 
microns by using an acid such as HNO3 in conjunction With 
high shear mixing. In the latter case, precursors are sus 
pended in aqueous HNO3, With the amount of HNO3 being 
equal to about 0.005 to about 6.0% (i.e., 1/20000 to about 
6/100) of the Weight of the precursor, preferably about 
0.01% to about 0.6%, and more preferably, 0.05% to about 
0.2%. 
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[0030] The acidi?ed precursor is mixed at high shear to 
ensure a suspension that Will not settle prior to hydrothermal 
treatment. For example, the acidi?ed precursor may be 
mixed at about 100 rpm to about 10,000 rpm for about 1 to 
about 200 minutes. In order to ensure complete reaction and 
maximum surface area, prior to hydrothermal treatment, the 
acidi?ed precursor is deagglomerated to a secondary particle 
siZe of less than about 50 microns, preferably less than about 
20 microns. 

[0031] Hydrothermal Treatment. 

[0032] Hydrothermal treatment is carried out in a closed 
container because the pressure generated by the raised 
temperature results in small particles having a narroW siZe 
distribution resulting from uniform crystal groWth. The 
solution may be further diluted With deioniZed Water as 
needed. The suspended acidi?ed deagglomerated precursor 
is transferred to a sealed stainless steel reaction vessel, and 
subjected to hydrothermal treatment at a temperature of 
about 100° C. to about 5000 C., preferably about 200 to 
about 400° C., more preferably about 250 to about 350° C. 
to produce the abrasive particles. The reaction time is about 
0.1 to about 500 hours, preferably about 1 to 50 hours, more 
preferably about 1 to 10 hours. Reaction pressures may 
reach 100 atmospheres or more, for example 50-100 atmo 
spheres or 60-90 atmospheres. The vessel is then cooled to 
room temperature, excess Water is decanted, While main 
taining the slurry pH at about 3.5 to about 4.5, more 
preferably 3.7 to about 4.3, still more preferably 3.9 to about 
4.1 With a base such as aqueous NH4OH, or an acid such as 
HNO3, and the slurry is further mixed and Washed until a 
loW conductivity is achieved, typically less than 5 mS, 
preferably less than 1 mS, more preferably less than 0.5 mS 
and most preferably less than 0.2 mS. As a ?nal purifying 
step, the particles may be ?ltered using micron range ?lter 
paper such as 1 micron or 5 micron paper. The ?lters are 
preferably ?rst rinsed With deioniZed Water. Depending on 
the relative molar amounts of Ce and Ti ions in the crystal 
structure, the crystallites Will exhibit a generally CeO2 
lattice or a generally TiO2 lattice With the atom in loWer 
concentration as a guest ion. 

[0033] The composite particles according to the invention 
can be used as chemically reactive abrasives in CMP slurries 
to remove metal ?lm layers such as copper Without the need 
for added oxidiZers. Metals that can be polished by the 
inventive methods include silicon silver, gold, platinum, 
copper, palladium, nickel, cobalt, iron, ruthenium, iridium, 
and osmium, silicon, aluminum, germanium, tungsten, tan 
talum and alloys or blends thereof. 

[0034] Metal oxides, nitrides, silicides and polymers may 
also be polished e?fectively. Metal oxides that can be pol 
ished by the inventive methods include oxides of metals 
such as boron, sodium, magnesium, aluminum, silicon, 
phosphorus, potassium, calcium, gallium, germanium, 
arsenic, selenium, rubidium, strontium, yttrium, Zirconium, 
tin, antimony, cesium, and barium. Metal oxide substrates 
may also contain more than one of the aforementioned 
oxides. 

[0035] LoW K-value dielectric materials may also be pol 
ished. Many of these are polymeric, for example poly-para 
xylenes commercially available from SC. Cookson, of 
Indianapolis, Ind., under the Parylene tradename. Other such 
polymers include ?uorinated polyimides, methyl silsesqui 
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oxanes, and poly-(arylene) ethers. The DoW Chemical Com 
pany, of Midland, Mich., commercially supplies B-staged 
polymers including those sold by under the Cyclotene® and 
SiLK® trademarks. For example, Cyclotene® 4026-46 is a 
blend of B-staged divinylsiloxane-bis-benZocyclobutene, 
mesitylene, polymerized 1,2-dihydro-2,2,4-trimethylquino 
line, 2,6-bis{(4-aZidophenyl) methylene}-4-ethylcyclohex 
anone, and 1-1'(1-methylethylidene) bis{4-(4-aZidophe 
noxy)benZene}. In general, the Cyclotene® dielectric 
polymers contain at least B-staged divinylsiloxane-bis-ben 
Zocyclobutene and mesitylene. Polymers sold under the 
SiLK® trademark are semiconductor dielectric resins com 
prise a Bow proprietary b-staged polymer, cyclohexanone, 
and gamma-butyrolactone. In addition, carbon doped silica 
substrates, Which are also knoWn as SiCOH substrates, can 
be polished. 

[0036] The difference in valence state and/ or electronega 
tivity betWeen cerium ions and the titanium ions in the 
abrasive particles as Well as the ability of cerium to bind and 
release oxygen according to the invention provides the redox 
potential to chemically remove ?lms. Hence, it is believed 
that such oxidation occurs only When a particle contacts the 
substrate surface, and consequently, that oxidation and 
mechanical abrasion occur simultaneously. This fact, com 
bined With the small particle siZe disclosed herein (nanos 
cale) provides extremely precise polishing, and planariZa 
tion that is both locally and globally accurate. Thus, the 
invention further provides a method of removing a ?lm by 
CMP at a desired rate in the absence of chemical oxidiZers. 

[0037] When all other polishing conditions remain the 
same, adjustments in the relative molar percentage of tita 
nium ions as Well as the sources of cerium and titanium ions 
in the crystal lattice structure of the abrasive particles 
according to the invention can be used to determine or tune 
the rate of ?lm removal. Thus, the invention facilitates 
determining the rate of removal of a ?lm layer by selecting 
the composition and morphology of the abrasive, rather than 
adjusting other polishing parameters. 

[0038] Because the particles of the present invention are 
so small, i.e., primary particle diameters on the order of 
nanometers, a very high fraction of the ions reside at the 
particle crystalline surfaces and grain boundaries. As pri 
mary particle siZe decreases, the BET speci?c surface area 
(typically expressed in m2/gram) increases. It is believed 
that nanoparticles are much more reactive than the corre 
sponding bulk material due to vastly increased speci?c 
surface area. It is further believed that surface defects, 
non-balanced charges, titanium ions in the grain boundary 
and vacancies in the crystalline lattice and other surface 
active sites may bene?cially induce or catalyZe chemical 
redox reactions. 

[0039] The inventive abrasive particles aloneiabsent oxi 
diZers and other chemical additives4can be used to achieve 
a Wide range of satisfactory removal rates on a variety of 
substrates as disclosed herein. HoWever, in a further embodi 
ment of the invention the polishing performance of any 
inventive abrasive particle herein can be further adjusted by 
the use of chemical additives, including oxidiZers. Such 
chemical additives include, for example, hydrogen peroxide, 
ascorbic acid, citric acid, formic acid, acetic acid, propionic 
acid, butyric acid, valeric acid, acrylic acid, lactic acid, 
succinic acid, nicotinic acid, oxalic acid, malonic acid, 
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tartaric acid, malic acid, glutaric acid, citric acid, maleic 
acid, and glycine. Those skilled in the art Will be familiar 
With other such additives. 

[0040] The following examples are intended only to illus 
trate the invention and should not be construed as imposing 
limitations upon the claims. 

EXAMPLES 

Example 1 

[0041] Into separate ?ve-gallon hydrothermal reaction 
vessels Were placed 2.6 gallons (9.8 liters) of a suspension 
containing Water, a mixed (Ce,Ti)(OH)4 precursor, and con 
centrated nitric acid. According to the samples in Table 1, 
the suspension contained 10 Wt % or 15 Wt % of the mixed 
(Ce,Ti)(OH)4 precursor. The (Ce,Ti)(OH)4 precursor con 
tained Ce+4 ions and Ti+4 ions in a either a 19:1 ratio or a 9:1 
ratio, corresponding to a Ti+4 content of 5 mol % or 10 mol 
%, respectively. For each sample, 5.91 grams of concen 
trated nitric acid solution Was used. In all Examples herein, 
the HNO3 solution is 16 M, about 70 Wt %. 

[0042] The suspension Was mixed for 30-120 minutes at a 
shear rate of about 4,000-14,000 rpm, and subjected to 
hydrothermal treatment for about 1 to about 6 hours at 3000 
C. to form a composite oxide slurry. The composite oxide 
slurry Was cooled to room temperature, excess Water is 

decanted, and the pH adjusted to 4.0105 With NH4OH. 
Additional Water Was added to the oxide slurry, and mixed 
for a further 30-120 minutes. The suspension Was Washed 
With Water until its conductivity Was beloW 200 uS, the pH 
adjusted to 4.0105 With HNO3, deagglomerated to a sec 
ondary particle siZe of less than 1 micron, and ?ltered 
through ?lters rinsed With pH adjusted Water (4010.1). 
X-ray diffraction With a Philips APD 3720system Was used 
to determine crystallite siZes, as presented in Table 1, beloW. 
FIG. 1 is a transmission electron photomicrograph (at 
500,000><) of composite oxide particles of Example 1, 
Sample 6, having a cubic crystal shape. 

TABLE 1 

Example 1 reaction conditions and crystallite 
size of composite Ce,Ti O2 abrasive. 

Wt % mixed Mol % 
Sample (Ce,Ti)(OH)4 TiO2 in Reaction Crystallite 
ID precursor precursor Time (h) Size (nm) 

1-1 10 5 1.5 8 
1-2 10 5 3 9 
1-3 10 5 4 16 
1-4 10 5 4 12 
1-5 10 5 4 25 
1-6 10 5 4 10 
1-7 10 5 6 16 
1-8 10 10 1.5 12 
1-9 10 10 3 14 
1-10 10 10 4 12 
1-11 10 10 6 9 
1-12 15 5 1.5 9 
1-13 15 5 3 7 
1-14 15 5 6 7 
1-15 15 10 1.5 14 
1-16 15 10 3 7 
1-17 15 10 6 11 
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Example 2 

[0043] Into a ?rst container 4.43 grams of concentrated 
HNO3 Was mixed into 5 liters of Water. Under mixing, 1476 
g (7.08 moles) of Ce(OH)4 Was added, and the resulting 
slurry Was stirred for 2.5 hours. Into a second container 4.43 
grams of HNO3 Was mixed at 5000 RPM into 1 liter of Water. 
Titanium-isopropoxide, (62.9 g, 0.22 moles) of Was mixed 
into the second container at 10,000 RPM for 15 minutes to 
form a titanium solution. After a further mixing of the 
Ce(OH)4 for 10 minutes, the Ti-solution Was quickly added 
to the Ce(OH)4 slurry from step under lab mixing. The 
overall slurry mixture Was diluted With DI-Water to make a 
total volume of 9.7 liters, and mixed for another 60 minutes. 
The slurry Was treated in an autoclave (hydrothermal treat 
ment) for 4 hours at 3000 C. The reacted slurry Was alloWed 
to settle, excess ?uid Was decanted, and the slurry Was 
Washed With pH 4 Water. FIG. 2 is a transmission electron 
photomicrograph (at 500,000><) of composite oxide particles 
of Example 2, having a hexagonal crystal shape. 

Example 3 

[0044] A cerium hydroxide slurry Was formed by adding 
1500 g (7.21 moles) of ball-milled Ce(OH)4 to a 0.1 Wt % 
solution of HNO3. A titanium solution Was formed by ?rst 
adding 3.8 g HNO3 to 810 g Water in a beaker, folloWed by 
adding 87.3 g (0.35 moles) titanium-acetyl acetone under 
stirring. The titanium solution Was quickly added to the 
cerium hydroxide slurry under lab mixing, and the overall 
slurry Was diluted to a volume of 9.7 liters With deioniZed 
Water, and mixed for another 60 minutes. The slurry Was 
treated in an autoclave (hydrothermal treatment) for 6 hours 
at 3000 C. The reacted slurry Was alloWed to settle, excess 
?uid Was decanted, and the slurry Was Washed With pH 4 
Water. FIGS. 3a and, 3b are transmission electron photomi 
crographs (at 500,000>< and 1,000,000><) of composite oxide 
particles of Example 3, having a hexagonal crystal shape. 

Example 4 

[0045] A cerium hydroxide slurry Was formed by adding 
1968 g (9.45 moles) of Ce(OH)4 to 5 liters of a 0.1 Wt % 
solution of HNO3 and stirring 12 hours. Titanium-isopro 
poxide (83.8 g, 0.29 mol) Was added to 1 liter of Water under 
mixing at 5000 RPM, folloWed by 15 minutes at 10,000 
RPM to form a titanium solution. The titanium solution Was 
quickly added to the cerium hydroxide slurry under lab 
mixing, and the overall slurry Was diluted to a volume of 9.7 
liters With deioniZed Water, and mixed for another 60 min 
utes. The slurry Was treated in an autoclave (hydrothermal 
treatment) for 2 hours at 3000 C. The reacted slurry Was 
alloWed to settle, excess ?uid Was decanted, and the slurry 
Was Washed With pH 4 Water. FIGS. 4a and 4b are trans 
mission electron photomicrographs (at 500,000>< and 1,000, 
000x) of composite oxide particles of Example 4, having a 
hexagonal crystal shape. 

Example 5 

[0046] Into separate ?ve-gallon hydrothermal reaction 
vessels Were placed 2.6 gallons (9.8 liters) of a suspension 
containing Water, a mixed, (Ce,Ti)(OH)4 precursor, and con 
centrated nitric acid, according to Table 2. The (Ce,Ti)(OH)4 
precursor had a Ti+4 content of 15 mol % or 20 mol %. The 
precursor Was dispersed in aqueous HNO3 using a SWeeco 
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Bead mill to a DO size of 5.122 microns. The reaction containing Water, a mixed (Ce,Ti)(OH)4 precursor, and 
mixtures Were subjected to hydrothermal treatment for 6 potassium hydroxide. The suspensions contained 10 or 10.2 
hours each to afford the (Ce,Ti)O2 crystallite size in Table 2. Wt % of mixed (Ce,Ti)(OH)4 precursor, While the (Ce, 

TABLE 2 

Example 5 reaction conditions and cgstallite size of composite Ce,Ti 02. 

Wt % mixed Mol % HNO3 added 
(Ce,Ti)(OH)4 T102 in (g of 16 M Final DO Reaction Crystallite 

Sample ID precursor precursor solution) pH (microns) Time (h) Size (mm) 

5-1 13.54 15 11.81 4.34 5.122 6 13 
5-2 15.4 20 38.78 4.52 5.122 6 14.7 

Example 6 Ti)(OH)4 precursor had a Ti+4 content of 10 or 15 mol %. 

[0047] Into a?ve-gallon hydrothermal reaction vessel Was The Cerium in Samp1e_8'1 Was prOYided by mixing (Ce’ 
placed 2.6 gallons (9.8 liters) of a suspension containing T1)(OH)4 and Ce(OH)4 In a molar ratlo of 1:1' The Precur' 
Water’ a mixed (Ce’TiXOH)4 precursor’ and Concentrated sors Were dispersed in DI Water using an Attritor Bead mill 
nitric acid according to Table 3. The precursor Was dispersed to the D0 in the Table 5 and theh the slurry Was titrated using 
in aqueous HNO3 using anAttritor Bead mill to a D0 of 6.72 an aqueous solution Of KOH to a Pre'reaetieh PH Shown in 
microns. The reaction mixture was subj ected to hydrother- Table 5. The reaction mixtures Were subjected to hydrother 
mal treatment for 4 hours to afford (Ce,Ti)O2 having a maltreatment for 6 hours to afford (Ce,Ti)O2 having crys 
crystallite size of 14.4 microns. tallite sizes shoWn in Table 5. 

TABLE 3 

Example 6 reaction conditions and cgstallite size of composite Ce,Ti 02. 

Wt % mixed Mol % HNO3 added 
(Ce,Ti)(OH)4 T102 in (g of 16 M Final DO Reaction Crystallite 

Sample ID precursor precursor solution) pH (microns) Time (h) Size (mm) 

6-1 20 15 8.86 4.36 6.720 4 14.4 

Example 7 

[0048] Into separate ?ve-gallon hydrothermal reaction 
vessels Were placed 2.6 gallons (9.8 liters) of a suspension 
containing Water and a mixed (Ce,Ti)(OH)4 precursor. The 
suspensions contained 12, 17.1, or 20 Wt % of mixed 
(Ce,Ti)(OH)4 precursor, While the (Ce,Ti)(OH)4 precursor 
had a Ti+4 content of 10 mol %. The precursor Was dispersed 
in Water using an Attritor Bead mill to a DO shoWn in Table 
4. The reaction mixtures Were subjected to hydrothermnal 
treatment for 6 hours to afford (Ce,Ti)O2 having crystallite 
sizes shoWn in Table 4. 

TABLE 4 

Example 7 reaction conditions and cgstallite size of composite Ce,Ti 02. 

Wt % mixed Mol % HNO3 added 
(Ce,Ti)(OH)4 T102 in (g of 16 M Final DO Reaction Crystallite 

Sample ID precursor precursor solution) pH (microns) Time (h) Size (mm) 

7-1 12 10 0 5.30 7.697 6 12.7 
7-2 17.1 10 0 5.39 6.720 6 14.7 
7-3 20 10 0 5.60 7.697 6 12.9 

Example 8 

[0049] Into separate ?ve-gallon hydrothermal reaction 
vessels Was placed 2.6 gallons (9.8 liters) of suspensions 
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Example 8 reaction conditions and cgstallite size of composite Ce,Ti O2 abrasive. 

Wt % mixed Mol % KOH 

(Ce,Ti)(OH)4 TiO2 in added Final DO Reaction Crystallite 
Sample ID precursor precursor (g) pH (microns) Time (h) Size (nm) 

8-1 10 10 58.8 9.28 11.56 6 15.6 
8-2 10.2 15 168.0 9.49 67.52 6 14.8 

1. A process of making a composite oxide of cerium and 
titanium comprising: hydrothermally treating, at about 70 to 
about 5000 C., a suspension of a deagglomerated, insoluble 
Ce+4 or Ce+3 source in the presence of a Ti+4 source to form 
a slurry. 

2. The process of claim 1 wherein the Ce+4 or Ce+3 source 
is a composite hydroxide of cerium and titanium. 

3. The process of claim 1 wherein, prior to hydrothermal 
treatment, the suspension is deagglomerated to a secondary 
particle size of less than about 20 microns. 

4. The process of claim 1 wherein the Ce+4 source is 
Ce(OH)4. 

5. The process of claim 1 further comprising: 

a. cooling the composite oxide slurry to room tempera 
ture, 

b. decanting excess water from the composite oxide 
slurry, 

c. adjusting the pH of the composite oxide slurry to 
4.0105, 

d. adding water to the composite oxide slurry, 

e. mixing the composite oxide slurry for 1-120 minutes, 

f. washing the composite oxide slurry with water, 

g. adjusting the composite oxide slurry pH to 4.0105, 

h. deagglomerating the composite oxide slurry to a?‘ord 
particles having an average secondary particle size of 
less than 1 micron, and 

i. ?ltering the particles. 
6. The process of claim 1 wherein the Ce+4 or Ce+3 source 

is selected from the group consisting of a hydroxide, ?uo 
ride, carbonate, phosphate, or oxalate of cerium. 

7. The process of claim 6 wherein the Ti+4 source is a 
soluble titanium compound. 

8. The process of claim 6 wherein the Ti+4 source is 
selected from the group consisting of the halides, perhalides, 
oxyhalides, nitrates, sulfates, phosphates, carbonates, and 
acetates of titanium, and organotitanium compounds, 

9. The process of claim 6 wherein the Ti+4 source is a 
titanium alkoxide. 

10. The process of claim 6 wherein the Ti+4 source is 
titanium-acetylacetone or titanium (1V) triethanolaminato 
isopropoxide. 

11. The process of claim 2 wherein the molar ratio of Ce+4 
or Ce+3 to Ti+4 is about 19:1 to about 2:1. 

12. The process of claim 2 wherein the suspension com 
prises HNO3, and wherein the weight ratio of HNO3 to the 
Ce+4 or Ce+3 source is about 1/20000 to about 6/100. 

13. The process of claim 12 wherein, prior to hydrother 
mal treatment, the suspension is deagglomerated to a sec 
ondary particle size of less than about 100 microns. 

14. Aprocess of making a composite oxide comprising Ce 
and Ti for use in CMP, comprising: 

a. contacting a cerium-titanium composite hydroxide with 
aqueous nitric acid to form a suspended precursor, and 

b. subjecting the suspended precursor to hydrothermal 
treatment in a closed vessel at a temperature of 70° C. 
to about 5000 C. for about 0.1 to about 10 hours to form 
a slurry of composite oxide particles. 

15. The process of claim 14 wherein: 

a. prior to hydrothermal treatment 

i. the weight ratio of HNO3 to the Ce+4 source is about 
1/20000 to about 6/100, 

ii. the suspended precursor is mixed for about 1 to 
about 120 minutes at a shear rate of about 1000 to 
about 10,000 RPM, and 

b. after hydrothermal treatment, 

i. the suspension is cooled to room temperature, 

ii. excess liquid is decanted from the suspension, 

iii. the suspension pH is adjusted to 4.0105, 

iv. water is added to the suspension, 

v. the suspension is mixed for about 1 to about 120 
minutes, 

vi. the suspension is washed with water until its con 
ductivity is below 200 p8, 

vii. the suspension pH is adjusted to 4.0105, 

viii. the suspension is deagglomerated to a secondary 
particle size of less than 1 micron, and 

ix. the suspension is ?ltered. 
16. A composite cerium-titanium oxide for use in CMP 

made by the process of claim 1, wherein the composite oxide 
has a mean crystallite size of about 5 to about 30 nm and a 
crystallite shape that is generally hexagonal or cubic. 

17. A CMP slurry comprising water and abrasive particles 
comprising the composite oxide made by the process of 
claim 1. 

18. A CMP slurry comprising water and abrasive particles 
comprising the composite oxide made by the process of 
claim 12. 

19. A process of removing a ?lm layer from a substrate or 
a portion of the thickness of a substrate by moving a 
polishing pad over the surface of said substrate while 
providing a supply of the CMP slurry of claim 17 between 
the pad and substrate. 

* * * * * 


